ABSTRACT Aim/Introduction: Waist circumference (WC) is the most important parameter for diagnosis of metabolic syndrome. The present study was carried out to obtain optimal WC cut-off values for diagnosis of metabolic syndrome in a Japanese population based on the measurement of total intra-abdominal visceral fat volume (VFV), which could be expected to reflect visceral obesity more precisely than visceral fat area. Materials and Methods: A total of 405 Japanese persons undergoing health screening were investigated. visceral fat volume was calculated from the data in 700-800 computed tomography slices from the top of the liver to the floor of the pelvic cavity. Then, receiver operating characteristic analysis was used to determine the cut-off value of the VFV/height ratio. Subsequently, the corresponding WC value was obtained by linear regression analysis. Results: The cut-off value of the VFV/height ratio was 2,317 cm 3 /m in men and 1,425 cm 3 /m in women. The sensitivity and specificity of the ratio were 52.9 and 86.4% in men vs 63.4 and 82.2% in women, respectively. The corresponding cut-off value of WC was 86.0 cm in men and 80.9 cm in women. Conclusions: The proposed cut-off values of WC for metabolic syndrome are 85 cm in Japanese men and 80 cm in Japanese women.
INTRODUCTION
Persons with metabolic syndrome (MetS) are twice as likely to develop cardiovascular disease and five times more likely to develop type 2 diabetes mellitus than persons without MetS 1 .
The features of MetS include: (i) elevation of triglycerides (TG);
(ii) reduction of high-density lipoprotein cholesterol (HDL-C); (iii) elevation of blood pressure (BP); (iv) elevation of fasting glucose (FG); and (v) visceral obesity. Along with excessive accumulation of intrahepatic and/or intramuscular fat, visceral obesity is known as a major cause of insulin resistance, and it is closely associated with the other four features of MetS through an imbalance between adipokines and insulin 2 . To precisely assess the visceral fat volume (VFV), abdominal computed tomography (CT) or magnetic resonance imaging needs to be carried out, but these methods are not suitable for a mass screening program for MetS because of time and cost considerations. Instead, waist circumference (WC) is used as a simple indicator of visceral obesity, and the MetS diagnostic criteria include WC as an obligatory feature of this syndrome 3 . However, the prevalence of visceral obesity and the WC value associated with a high risk of the development of type 2 diabetes mellitus or cardiovascular disease are influenced by ethnicity, age, sex and other factors 4 , and various WC values have already been proposed as indicators of MetS over the past decade 3, [5] [6] [7] [8] [9] . Against this background, the Joint Scientific Statement on diagnostic criteria for MetS was recently published by a group of six organizations including the International Diabetes Federation Task Force on Epidemiology and Prevention; the National Heart, Lung, and Blood Institute; the American Heart Association; the World Heart Federation; the International Atherosclerosis Society; and the International Association for the Study of Obesity 10 . This statement covered three main points. First, WC was not the essential diagnostic criterion for MetS, but was one of five features (TG, HDL-C, BP, FG and WC), and the presence of any three of the five features was sufficient for diagnosis of MetS. Second, cut-off values for the four features other than WC would be set as: TG ≥150 mg/dL, HDL-C < 40 mg/dL (men) and <50 mg/dL (women), systolic BP ≥130 mmHg and/or diastolic BP ≥85 mmHg, FG ≥100 mg/dL. Third, the cut-off value of WC required further study, so national or regional values for WC could be used in the interim.
Regarding the cut-off value of WC in Asia, the International Diabetes Federation recommended 90 cm for men and 80 cm for women 11 . In contrast, the Japan Society for the Study of Obesity (JASSO) has recommended that the appropriate cut-off values of WC for detecting visceral obesity are 85 cm in Japanese men and 90 cm in Japanese women from the general population 12 , and these values are widely used for diagnosis of MetS in Japan. As the JASSO cut-off value of WC is higher for women than men, unlike the criteria used in other Asian countries, reassessment of the cut-off values for Japanese persons has been carried out previously, and different values have been proposed [13] [14] [15] [16] [17] [18] [19] . However, these previous Japanese studies were based on WC and/or the visceral fat area (VFA) at the umbilicus determined by CT scanning. To precisely assess the accumulation of visceral fat, it might be preferable to measure the total VFV in the abdominal cavity. In addition, the cut-off value of WC for MetS should be considered in relation to the cut-off value of VFV for MetS.
We have developed a new method for evaluating VFV by analysis of 700-800 CT slices obtained from the top of the liver to the pelvic floor 20, 21 . Although the VFA at the umbilicus has been widely used to identify visceral obesity [13] [14] [15] [16] [17] [18] [19] , we previously showed that the maximal VFA was not at the umbilicus, but was widely distributed from L1 to L5 20, 21 .
In the present study, we measured VFV in Japanese persons undergoing health screening, and attempted to determine the cut-off value of VFV for separating metabolically normal Japanese persons without any of the four features of MetS in the Joint Scientific Statement other than WC (high TG, low HDL-C, high BP, high FG) 10 from persons with one or more of these four features. We also determined the cut-off value of WC corresponding to the cut-off value of VFV by linear regression analysis.
METHODS

Participants
The study participants were 405 Japanese persons (239 men and 166 women) from the general population who underwent health screening at the International University of Health and Welfare Hospital (Nasushiobara, Tochigi). We excluded women who were pregnant or breast-feeding, and persons with a history of cardiovascular disease, hepatic disease or other factors that made them inappropriate for this study (e.g., persons who had undergone CT several times recently). Persons with normal values for four features of MetS (TG, HDL-C, BP and FG) in the Joint Scientific Statement 10 were defined as metabolically normal. Persons on drug treatment for hyperlipidemia, hypertension or diabetes were defined as having the corresponding features of MetS.
Measurements
Height and bodyweight were determined by automated measurement (BF-220; Tanita Co. Ltd., Tokyo, Japan). WC was measured at the umbilicus in the standing position during quiet breathing by using an inelastic tape measure. In participants with marked periumbilical fat accumulation, measurement was carried out at a point midway between the lower margin of the ribs and the anterior superior iliac spine. BP was measured in the sitting position by one of two automatic devices (UA-786; A&D Co Ltd., Saitama, Japan; or Kentaro HBP-9020; Omron Co. Ltd., Kyoto, Japan).
Laboratory tests
A blood sample was collected in the morning while fasting. Free fatty acids (FFA) and immunoreactive insulin (IRI) were measured by an enzymatic method (LSI Medience Co. Ltd., Tokyo, Japan) and a chemiluminescence immunoassay (LSI Medience Co. Ltd.), respectively. Glycated hemoglobin (National Glycohemoglobin Standardization Program) was measured by the latex agglutination method, and other tests were carried out by standard methods (SRL Co. Ltd., Tokyo, Japan).
CT measurement of abdominal fat volume All participants underwent CT scanning in the supine position with both arms raised above the head after urination. A 16-row multidetector CT unit (Aquillion TM 16; Toshiba Medical Systems Corp., Tokyo, Japan) was used with scanning conditions of 120 kV, 250-300 mA and 0.5-s rotation. The protocol involved acquisition of 700-800 images with a slice thickness of 0.5 mm at 8-mm intervals from the top of liver to the floor of the pelvic cavity. Adipose tissue was identified as the pixels ranging from -190 to -30 Hounsfield units, as reported previously 22 . All imaging data were transferred to a PC workstation for analysis of the total abdominal fat volume. Visceral fat volume and the subcutaneous abdominal fat volume (SFV) were calculated with SYNAPSE VINCENT â software (Fuji Film, Tokyo, Japan). VFA was calculated at the mid-umbilical level. To prevent an interobserver variation, assessment of adipose tissue was carried out by the same examiner.
Adjustment of VFV for physique
The VFV/height ratio and VFV/abdominal length ratio were calculated to adjust VFV for the influence of body height or the length of the abdomen, respectively. Then the area under the receiver operating characteristic (ROC) curve was calculated for each index to compare their relative ability to correctly classify the participants.
Statistical analysis
The present study was carried out according to the principles of the Declaration of Helsinki, and was approved by the ethics review board of the International University of Health and Welfare. Informed consent was obtained from all of the participants.
RESULTS
The demographic and clinical characteristics of the participants are presented in Table 1 . While age did not differ between the sexes, height, bodyweight, body mass index (BMI), WC and abdominal length were significantly larger in men than in women. The VFA, VFV, VFV/height ratio and VFV/abdominal length ratio were all larger in men than in women, whereas SFV was smaller. VFV was larger than SFV in men (3,736 -1,633 vs 3,370 -1,618 cm 3 , P < 0.05), whereas it was smaller than SFV in women (2,309 -1,195 vs 4,576 -2,032 cm 3 , P < 0.001). When participants who had no features of MetS except for a high WC were assessed, there was a significantly lower percentage of such persons among men than among women (27.6 vs 44.0%, P < 0.001).
The area under the ROC curve was calculated to compare the ability of each index of visceral obesity to correctly classify the participants. As shown in Table 2 , the WC had the smallest area and the VFV/height ratio had the largest area among the indices. In addition, the cut-off values of the indices were generally higher in men than in women. ROC curves for identifying metabolically normal persons with various cut-off values of VFV are shown in Figure 1a (men) and b (women). According to ROC data, the cut-off value yielding the maximal sensitivity plus specificity was 3,885 cm 3 in men and 2,321 cm 3 in women. With these cut-off values, the sensitivity and specificity were 53.8 and 84.8% in men vs 60.2 and 82.2% in women, respectively. ROC curves for the VFV/height ratio are shown in Figure 2 . The cut-off value with the maximum sensitivity plus specificity was 2,317 cm 3 /m in men and 1,425 cm 3 /m in women. With these cut-off values, the sensitivity and specificity were 52.9 and 86.4% in men vs 63.4 and 82.2% in women, respectively.
Scatter plots of the VFV/height ratio (x-axis) vs WC (y-axis) are shown in Figure 3a for men and Figure 3b for women. Linear regression analysis of the VFV/height ratio vs WC yielded a y-intercept of 70.20 and a slope of 0.0068 in men, whereas the y-intercept was 65.60 and the slope was 0.010 in women. There was a strong positive correlation between these two variables in both sexes, with a correlation coefficient (r) of 0.812 (95% CI 0.764-0.851) in men and 0.816 (95% CI 0.758-0.861) in women. The WC corresponding to a VFV/height ratio of 2,317 cm 3 /m was 86.0 cm in men, whereas the WC corresponding to a ratio of 1,425 cm 3 /m was 80.9 cm in women. Then we will simplify them for clinical convenience and propose the cut-off point of WC for the criteria of metabolic syndrome in the Japanese population to be 85 cm in men and 80 cm in women. When the cut-off values of WC were set at 85 cm in men and 80 cm in women, the sensitivity and the specificity for identifying MetS with the presence of any three of the five features were 69.3 and 93.4% in men vs 61.5 and 90.9% in women.
DISCUSSION
Three main findings were obtained in the present study. First, VFA, VFV, VFV/height ratio and VFV/abdominal length ratio were larger in men than in women, whereas SFV was smaller in men. Also, VFV was larger than SFV in men, but was smaller than SFV in women. Second, the cut-off values of VFV and the VFV/height ratio that separated metabolically normal persons from persons with at least one feature of MetS (except a high WC) were approximately 3,900 cm 3 and 2,300 cm 3 /m in men vs 2,300 cm 3 and 1,400 cm 3 /m in women, respectively. •, Cut-off visceral fat volume yielding the maximum sensitivity + specificity for predicting risk factors for metabolic syndrome.
Third, the cut-off values of WC corresponding to these VFV/ height ratios were 85 cm in men and 80 cm in women. We previously evaluated the sex difference of the SFV/VFV ratio in 131 Japanese persons by using the same method of whole abdominal CT scanning, and we found a significantly higher SFV/VFV ratio in women than in men (1.78 -0.83 vs 1.08 -0.54, P < 0.001), despite no difference of BMI or WC 20 . However, the sex difference of SFV and VFV has not been fully investigated. Fox et al. 13 compared the partial (not total) abdominal visceral and subcutaneous fat volumes in 1,649 men and 1,452 women from the Framingham Heart Study cohort by analyzing a region of 125 mm above S1 on CT scans. They reported that the mean VFV was 1.6-fold larger than the subcutaneous fat volume in men, whereas the mean subcutaneous fat volume was 1.2-fold larger than the VFV in women, with BMI and WC both being slightly higher in men. These results are consistent with our present findings, and suggest a sex •, Cut-off visceral fat volume/height ratio yielding the maximum sensitivity + specificity for predicting risk factors for metabolic syndrome. difference in the distribution of abdominal fat that should be considered when selecting the optimal WC value for identification of visceral obesity. The present study is the first to propose cut-off values of VFV and the VFV/height ratio for separating metabolically normal Japanese persons from those with one or more risk factors for MetS. We found that a VFV of 3,900 cm 3 and a VFV/ height ratio of 2,300 cm
